Introduction
Organochlorine pesticides such as DDT and HCH had been abundantly produced and used since the around twentieth century in all over the world and environmental pollution, food contamination and human body pollution had developed into social problem because of their high bioconcentration potential and high persistency. The use and manufacturing of DDT and HCH were forbidden in many countries including Japan in all over the world in the first half in 1970's.
In Japan, the use of organochlorine pesticides registered in persistent organic pollutants (POPs) wasprohibited, for example, in 1971 for DDT and HCH and in 1986 for chlordane. Levels of DDT and HCH have been monitored annually in wildlife such as fish, shellfish and bird from a freshwater lake, 17 sea areas and 2 land areas in Japan since 1979 . Lake Biwa, the largest in Japan, was selected as a freshwater lake and a freshwater fish, Japanese dace from the lake was selected as a wildlife sample.
In the world, a few reports have been published for long-term monitoring of POPs in aquatic biota from lakes only in USA and Sweden. In USA, the use of DDT was prohibited in 1972. Levels of POPs such as DDT, chlordanes, Mirex, Dieldrin have been monitored annually in fish from the Grate Lakes since 1970 [32, 33] . In Sweden, the use of DDT was prohibited in 1970. Levels of DDT, HCB and HCH have been monitored annually in fish from Lake Storvindeln since 1968 [34] .
On the other hand, many field data have been published for temporal monitoring of DDT and HCH in fish from lakes and rivers [40, 51, 68, .
This study was performed for the accumulation of fundamental data on DDT and HCH contamination of fish in lakes and rivers in the world to evaluate their concentration changes by POPs Regulation. The data were collected from the published reports in which
Residue of T-DDT and T-HCH in fish from lakes and rivers in the world
Residue of T-DDT and T-HCH in fish from lakes and rivers in the world (Survey years: 1995∼2009) was reviewed from literatures in the past. The residue data were summarized in Table 1 for the lakes [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] and in Table 2 for the rivers [40, 51, 68, . Table 2 .
Concentarations of T-HCH and T-DDT in fish from rivers in the world
Residue of T-DDT and T-HCH in fish from lakes in the world is shown in Figures 1 and 2 , respectively, for the concentration data (ng/g wet wt.) and (ng/g fat wt. and ng/g dry wt. possible to be calculated as ng/g wet wt.). Each of the T-DDT and T-HCH concentration data was compared for the 38 lakes surveyed in 8 countries of Europe and America and 8 countries of Asia and Africa from 1995 to 2008. Each data is shown as single determination value (n=1) and mean (n≧2) or mean and range values (n≧2) for the surveys in plural fish species, sampling sites and survey years.
T-DDT concentrations in the fish from the lakes of America were relatively high and the higher concentrations were detected in USA like the previous report [102] . Those of Europe were relatively low except for two lakes in Italy. Those of Asia and Africa including Japan were relatively low as a whole, although relatively high concentrations were detected in a part of lakes in China. T-HCH concentrations in the fish from the lakes in the world were relatively low. The highest T-HCH concentration was 46 ng/g wet wt. in Taihu Lake of China [46] and relatively low concentration of 1.4 ng/g wet wt. (average, n=7) was detected in Lake Biwa of Japan [22] [23] [24] [25] [26] [27] [28] .
Residue of T-DDT and T-HCH in fish from rivers in the world is shown in Figures 3 and 4 , respectively, for the concentration data (ng/g wet wt.) and (ng/g fat wt. and ng/g dry wt. possible to be calculated as ng/g wet wt.). Each of the T-DDT and T-HCH concentration data was compared for the 28 T-DDT concentrations in the fish from the rivers of USA were relatively high like the previous report [102] . Those of Europe were relatively low except for a part of lakes in Czech Republic and Spain. Those of Asia and Africa were relatively low as a whole, although relatively high concentrations were detected in a part of rivers of China.
T-HCH concentrations in the fish from the rivers in the world were relatively low like the lakes in the world and the highest T-HCH concentration was 7.7 ng/g wet wt.
(average, n=8) in Qiantang River of China [101] .
Long-term trends of T-DDT and T-HCH in fish from lakes in the world
T-HCH and T-DDT concentrations in fish were calculated as the simple sum of the constituents. T-HCH is the sum of α-HCH, β-HCH and γ-HCH and T-DDT is the sum of pp'-DDT, pp'-DDD and pp'-DDE. For Japan, T-DDT and T-HCH concentration data in Japanese dace from Lake Biwa were cited from reports of Ministry of the Environment, Japan (1980 -2011) . For Canada and USA, T-DDT concentration data in lake trout from Lake Ontario and Lake Michigan were cited from a report of Environment Canada and U.S. Environmental Protection Agency (2007) [32] and a source figure of U.S. Environmental Protection Agency (2009) [33] , respectively. For Sweden, T-DDT concentration data in pike from Lake Storvindeln were cited from a source figure of Swedish EPA (2002) [34] .
All data were analyzed using Microsoft Excel graph wizard. For each location and analyte, nonlinear procedure was used to fit the exponential model: y=ae -kx , where y is the concentration in each composite sample, x is the sampling date, and a and k are model parameters estimated by nonlinear procedure to obtain a specific model that best fits the data.
Long-term trends of T-DDT and T-HCH in Japanese dace from Lake Biwa are shown from 1979 to 2009 in Figure 5 along with long-term trends estimated using the first-order model. Both insecticides were found to decline in a consistent pattern. Model parameters (a, k) and R 2 values were calculated for each of the data sets and are shown in Figure 5 . Half-lives (t1/2) were calculated for T-DDT and T-HCH from a parameter (k). The t1/2 values were 9 years for T-DDT and 4 years for T-HCH.
Long-term trends of T-DDT in fish from Lake Biwa, Lake Ontario, Lake Michigan and Lake Storvindeln are similarly shown in Figure 6 . The t1/2 values of T-DDT were 9, 11, 8 and 7 years, respectively, in Lake Biwa, Lake Ontario, Lake Michigan and Lake Storvindeln. There were no wide differences in the t1/2 values of T-DDT in the fish among the four lakes. The same extent of the decline rate in the T-DDT inflow into the four lakes was presumed from the same extent of the decline rate of T-DDT in the fish of the four lakes. . Long-term trends of T-DDT in fish from Lake Biwa, Lake Ontario, Lake Michigan and Lake Storvindeln
Composition of T-DDT and T-HCH in fish from lakes and rivers in the world
Composition of T-DDT in fish from lakes in the world is shown in Figure 7 for the survey data in the 25 lakes in 15 countries of Europe, America, Asia and Africa from 1996 to 2008 [22-28, 35, 39, 41, 42, 44, 47, 49-53, 55, 56, 58, 60, 61, 64, 65, 67, 68, 70] . Few (ND∼0.6 %) or low (1∼6 %) percentage of PP'-DDT was detected in Lake Biwa and Lake Mashu of Japan, Lake Tai and three lakes of China, Lake Stuorajavri of Norway, Lake Ganzirri of Italy and Sir Dam Lake of Turkey. Metabolites of PP'-DDT (pp'-DDE and pp'-DDD) were detected at high percentage and long-term no use of DDT was presumed in the countries. On the other hand, high percentage (44∼88 %) of PP'-DDT was detected in Lake Edward of Uganda, three lakes of Ghana, Lake Burullus of Egypt, Lake Victoria of Tanzania and Ponta Grossa Lake of Brazil. DDT was presumed to be used in the countries in recent years or in the sampling date. The use of organochlorine pesticids such as DDT was prohibited or restricted in the 1970's for Japan and 1980's for Europe and in 1983 for China. This corresponded well to the survey data described above. Low percentage of PP'-DDT in the fish from Lake Michigan and Lake Superior of USA was reported in the previous report [102] . The percentage of PP'-DDT was similarly low (5 %) in the fish from Vancouver Lake in the present report. In Africa, the use of DDT was restricted in in the 1980's and low percentage of PP'-DDT was reported in the fish from Manzara Lake or Idku Lake in the previous report [102] . The present result in Lake Burullus was different from the previous report and the use of DDT was presumed in recent years or in the sampling date. Details of the restriction on the use of DDT in Egypt were obscure.
Composition of T-DDT in fish from rivers in the world is shown in Figure 8 Composition of T-HCH in fish from lakes in the world is shown in Figure 9 for the survey data in the 16 lakes in 8 countries of Europe, America, Asia and Africa from 1996 to 2008 [22-28, 35, 42, 44, 51, 53, 56, 58, 60, 61, 65, 68] . Composition of T-HC in Lake Biwa of Japan (α-HCH 7 %, β-HCH 91 % and γ-HCH 3 %) was similar to that in Lake Tai of China (α-HCH 10 %, β-HCH 84 % and γ-HCH 6 %). It was known that technical HCH (α-HCH 65∼70 %, β-HCH 6∼14 %, γ-HCH 10∼13 % andδ-HCH 5∼8 %) had been used in China, India and former Soviet Union since 1979 [103] . In Japan, technical HCH was also used without purification until 1971. This is the reason for the similarity of HCH composition in the fish between Japan and China (Lake Biwa and Lake Tai). However, the percentage of β-HCH in Yamdro Lake and Gaobeidian Lake was relatively low and the percentage of β-HCH in Lake Biwa of Japan was higher than that in the lakes of China. There was a probability of high β-HCH percentage in Japan because β-HCH was highly persistent and the period after prohibition on the use of β-HCH was longer in Japan than in China. On the other hand, the percentage of β-HCH in Rainbow trout and Japanese dace from Lake Mashu in Japan was low. Composition of T-HC in Japanese dace from Lake Mashu (α-HCH 64∼67 %, β-HCH 11 % and γ-HCH 22∼25 %) was much different from that of Lake Biwa (α-HCH 6∼8 %, β-HCH 89∼92 % and γ-HCH 2∼3 %). This is probably because HCH was loaded in Lake Mashu through the atmosphere [104] and the percentage of α-HCH in the water of Lake Mashu was much higher than that of Lake Biwa.
On the other hand, purified lindane (γ-HCH: more than 99 %) was used in Europe and America differently from Japan, China, etc. This is probably because of the high percentage of γ-HCH in Bolsena Lake and Salto Lake of Italy, Sir Dam Lake of Turkey, Lake Burullus of Egypt, Lake Tanganyika of Burundi and three lakes of Ghana.
Composition of T-HCH in fish from rivers in the world is shown in Figure 10 for the survey data in the 11 rivers in 5 countries of Europe and Asia from 2001 to 2006 [51, 68, 73, 77, 86, 92, 100, 101] .
In China, high percentage of γ-HCH was detected in Qiantang River and Huairou Reservoir differently from the survey data in the lakes. The use of lindane was presumed in the two river basins. In Korappuzha River of India, the use of technical HCH was presumed and this corresponded well to the report that technical HCH had been used in China, India and former Soviet Union since 1979 [103] . Particularly high percentage of γ-HCH was detected in Nestos River of Greece and this corresponded well to the use of lindane in Europe and
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America similarly in the case of the lake. For Okinawa Prefecture in Japan, the use of technical HCH in Shikaza River and Hija River and the use of lindane in Noha River were presumed from the composition of T-HCH shown in Figure 10 . The high percentage of γ-HCH in Noha River did not correspond to the use of technical HCH in Japan. 
Conclusion
T-DDT concentrations in the fish from the lakes and rivers of America were relatively high, but those of Europe, Asia and Africa were relatively low. T-HCH concentrations in the fish were relatively low in both of the lakes and rivers in all over the world. T-DDT and T-HCH compositions were respectively compared among lakes and rivers from America, Europe, Asia and Africa. DDT was presumed to be used in Uganda, Egypt, Tanzania and Brazil in recent years or in the sampling date from the high percentage of pp'-DDT in the composition of T-DDT and its metabolites in the several kinds of fish from Lake Edward, Lake Burullus, Lake Victoria and Ponta Grossa Lake. No use of DDT was presumed in USA and European countries from the low percentage of pp'-DDT in the lake fish in the countries. Technical HCH was presumed to be used in Japan, China and India from the low percentage of γ-HCH in the composition of T-HCH in the lake and the river fish in the countries. On the contrary, Lindane was presumed to be used in the countries of Europe and Africa from the high percentage of γ-HCH in the lake and the river fish in the countries. Half-lives (t1/2) of T-DDT in fish from lakes in Japan, Canada, USA and Sweden were calculated from the longterm monitoring data using an exponential decay model to evaluate the decline rate of DDT contamination in the lake environment. The t1/2 values were 9 years for Lake Biwa in Japan, 11 years for Lake Ontario in Canada, 8 years for Lake Michigan in USA and 7 years for Lake Storvindeln in Sweden. There were no wide differences in the t1/2 values of T-DDT in the fish among the four lakes.
